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²ÁÂÃ¿
¾ÔÝØÜ i× ÓÞÛÞÒÝØå ×ÐÒÔÐÝì, ïÚi àÞ×Ò'ï×ãîâìáï Ò åÞÔi ÒÞÓÝÕÒÞÓÞ ãàÐÖÕÝ-
Ýï ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ ô ÑÞàÞâìÑÐ × ÙÞÓÞ ÐàâØÛÕàiôî. ´ÞÑàÕ ÒiÔÞÜÞ, éÞ
ÑiÛìèÐ çÐáâØÝÐ áãçÐáÝØå ÐàâØÛÕàiÙáìÚØå ÚÞÜßÛÕÚáiÒ, éÞ ßiÔÛïÓÐîâì ãàÐÖÕÝ-
Ýî, ô ÒØáÞÚÞÜÐÝÕÒàÞÒØÜØ i ×ÔÐâÝi Ò ÚÞàÞâÚi ßàÞÜiÖÚØ çÐáã ×ÐÛØèØâØ ÒÞÓÝÕÒã
ßÞ×Øæiî. ² âÞÙ ÖÕ çÐá ßÕàÕÑãÒÐÝÝï ÒØáÞÚÞÜÐÝÕÒàÞÒØå æiÛÕÙ ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Ø-
æi÷ ÒØ×ÝÐçÐôâìáï ÑÐÓÐâìÜÐ äÐÚâÞàÐÜØ, ÝÐßàØÚÛÐÔ, ÒØÔÞÜ ÞÑ'ôÚâã, åÐàÐÚâÕàÞÜ
×ÐÔÐçi, ïÚÐ ÒØÚÞÝãôâìáï i â. iÝ.
´Ûï âÐÚØå ãÜÞÒ ÒÕÛØçØÝÐ ÒâàÐâ ßàØ ÝÐÝÕáÕÝÝi ÒÞÓÝÕÒÞÓÞ ãÔÐàã ßÞ ÒØ-
áÞÚÞÜÐÝÕÒàÞÒiÙ æiÛi ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ ×ÐÛÕÖØâì ÒiÔ æiÛÞÓÞ àïÔã ÒØ-
ßÐÔÚÞÒØå ÒÕÛØçØÝ. ÂÐÚØÜØ, ÝÐßàØÚÛÐÔ, ô çÐá ×ÐÙÝïââï i çÐá ßÕàÕÑãÒÐÝÝï æiÛi
ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷, çÐá ÒØïÒÛÕÝÝï ÞÑ'ôÚâã i ÒØÚÞÝÐÝÝï ÝØÜ ÒÞÓÝÕÒÞ÷ ×ÐÔÐçi, çÐá
×ÐÛØèÕÝÝïÒÞÓÝÕÒÞ÷ßÞ×Øæi÷iâ.iÝ.ÂÞÜã,ÒØ×ÝÐçÐîçØßÞÚÐ×ÝØÚØÕäÕÚâØÒÝÞáâiâÐ
áâãßiÝì ãàÐÖÕÝÝï ÒØáÞÚÞÜÐÝÕÒàÞÒÞi÷ æiÛi, ÝÕÞÑåiÔÝÞ ÒàÐåÞÒãÒÐâØ ÙÜÞÒiàÝiáâì
âÞÓÞ, éÞ ÒÞÓÝÕÒØÙ ÝÐÛiâ ßÞ æiÛi ×ÔiÙáÝÕÝÞ ÔÞ âÞÓÞ ÜÞÜÕÝâã çÐáã, ßÞÚØ ÒÞÝÐ ÝÕ
×ÐÛØèØÛÐ ÒÞÓÝÕÒã ßÞ×Øæiî.
´ÞáØâì çÐáâÞ àÞ×Ò'ï×ÐÝÝï æØå ßØâÐÝì ÑÐ×ãôâìáï ÝÐ ßÞÑãÔÞÒi ÐÝÐÛiâØçÝØå
ÜÐâÕÜÐâØçÝØåÜÞÔÕÛÕÙ,ïÚiÞßØáãîâìáïÜÐàÚiÒáìÚØÜØÒØßÐÔÚÞÒØÜØßàÞæÕáÐÜØ
× ÔØáÚàÕâÝÞî ÜÝÞÖØÝî áâÐÝiÒ i ÝÕßÕàÕàÒÝØÜ çÐáÞÜ. ¿àØ ßÞÑãÔÞÒi ÜÐàÚiÒáìÚÞ÷
ÜÞÔÕÛi àÕÐÛìÝÞ÷ áØáâÕÜØ, ã ïÚÞáâi ÒØåiÔÝØå ÔÐÝØå ÝÕÞÑåiÔÝÞ ÜÐâØ ÔÞáØâì ßÞ-
ÒÝØÙ ÞßØá äãÝÚæiÞÝãÒÐÝÝï áØáâÕÜØ × ãàÐåãÒÐÝÝïÜ ãáiå ÒØßÐÔÚÞÒØå äÐÚâÞàiÒ,
éÞ ÒßÛØÒÐîâì ÝÐ ×ÜiÝã ÷÷ äi×ØçÝØå áâÐÝiÒ. ¿àØ æìÞÜã Òái ÒØßÐÔÚÞÒi ÒÕÛØçØÝØ,
ïÚi ßàØÙÜÐîâì ãçÐáâì ã ×ÐÔÐÝÝi áØáâÕÜØ, àÞ×ßÞÔiÛÕÝi ×Ð ßÞÚÐ×ÝØÚÞÒØÜ ×ÐÚÞ-
ÝÞÜ.
² ÔÐÝiÙ àÞÑÞâi ßàÞæÕá äãÝÚæiÞÝãÒÐÝÝï ÐàâØÛÕàiÙáìÚÞ÷ ÑÐâÐàÕ÷ ÕÒÕÝâã-
ÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ (áÐÑÐâà) ÞßØáãôâìáï ×Ð ÔÞßÞÜÞÓÞî ÝÐßiÒÜÐàÚiÒáìÚÞÓÞ4
ßàÞæÕáã.ÂÞÑâÞ,ÝÐÒiÔÜiÝãÒiÔÜÐàÚiÒáìÚØåÜÞÔÕÛÕÙáØáâÕÜ,çÐáßÕàÕÑãÐÝÝïáØ-
áâÕÜØãÒiÔßÞÒiÔÝØåáâÐÝÐåôÒØßÐÔÚÞÒØÜØÒÕÛØçØÝÐÜØ×ÔÞÒiÛìÝØÜØäãÝÚæiïÜØ
àÞ×ßÞÔiÛã, ïÚi ×ÐÛÕÖÐâì âiÛìÚØ ÒiÔ ßÞâÞçÝÞÓÞ áâÐÝã áØáâÕÜØ.
ÀÞÑÞâÐ ÒÚÛîçÐô Ò áÕÑÕ çÞâØàØ àÞ×ÔiÛØ. Ã ßÕàèÞÜã àÞ×ÔiÛi äÞàÜãÛîôâì-
áï ×ÐÔÐçÐ i ÜÕâÐ ÔÞáÛiÔÖÕÝÝï. Ã ÔàãÓÞÜã àÞ×ÔiÛi, Ò ßàØßãéÕÝÝi, éÞ ßàÞæÕá
ÑÞÙÞÒÞÓÞ äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà ÞßØáãôâìáï ÝÐßiÒÜÐàÚiÒáìÚØÜ ßàÞæÕáÞÜ ×
ÔØáÚàÕâÝÞî ÜÝÞÖØÝÞî áâÐÝiÒ i ÝÕßÕàÕàÒÝØÜ çÐáÞÜ, ßÞÑãÔÞÒÐÝÐ ÜÐâÕÜÐâØçÝÐ
ÜÞÔÕÛì ã ÒØÓÛïÔi áØáâÕÜØ ÛiÝiÙÝØå iÝâÕÓàÐÛìÝØå àiÒÝïÝì. ÂàÕâiÙ àÞ×ÔiÛ ßàØáÒï-
çÕÝØÙ àÞ×àÐåãÝÚã áâãßÕÝï ãàÐÖÕÝÝï áÐÑÐâà. ²Ø×ÝÐçÕÝÞ ßÞÚÐ×ÝØÚ ÕäÕÚâØÒ-
ÝÞáâi áâãßÕÝï ãàÐÖÕÝÝï æiÛi, ÙÞÓÞ àÞ×àÐåÞÒÐÝÞ × ãàÐåãÒÐÝÝïÜ çÐáã ßiÔÓÞâÞÒÚØ
ÝÐ ÝÐÝÕáÕÝÝï ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã, ÙÜÞÒiàÝÞáâi ÝÐÚàØââï æiÛi ×ÞÝÞî àiÒÝÞÜiàÝÞ-
ÓÞ àÞ×áiîÒÐÝÝï áÝÐàïÔiÒ i ãÜÞÒÝÞ÷ ÙÜÞÒiàÝÞáâi ãàÐÖÕÝÝï áÐÑÐâà ×Ð ãÜÞÒØ, éÞ
ÒÞÝÐ ÝÐÚàØâÐ ×ÞÝÞî àiÒÝÞÜiàÝÞÓÞ àÞ×áiîÒÐÝÝï áÝÐàïÔiÒ. Ã ÞáâÐÝÝìÞÜã, çÕâ-
ÒÕàâÞÜã àÞ×ÔiÛi, ×Ð àÕ×ãÛìâÐâÐÜØ ÞâàØÜÐÝØå àÞ×àÐåãÝÚiÒ, ×àÞÑÛÕÝÞ ÒØáÝÞÒÚØ.5
1. ¿¾ÁÂ°½¾²º° ·°´°ÇI
·Ð ÔÐÝØÜØ ßÞÒiâàïÝÞ÷ àÞ×ÒiÔÚØ ÒØïÒÛÕÝÞ ÐàâØÛÕàiÙáìÚã ÑÐâÐàÕî áÐ-
ÜÞåiÔÝØå ÝÕÑàÞÝìÞÒÐÝØå ÓÐàÜÐâ ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Ø-
æi÷. ±ÞÙÞÒØÙ ßÞàïÔÞÚ ÑÐâÐàÕ÷ ßàÞâØÒÝØÚÐ  ãáâãßÞÜ ÝÐ×ÐÔ. ºÞÞàÔØÝÐâØ æiÛi
ÒØ×ÝÐçÕÝi ÝÐ ßÞçÐâÞÚ àÞ×ÓÞàâÐÝÝï ÑÐâÐàÕ÷ ßàÞâØÒÝØÚÐ ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷.
´Þ ãàÐÖÕÝÝï ÑÐâÐàÕ÷ ßàÞâØÒÝØÚÐ ×ÐÛãçÐôâìáï ÐàâØÛÕàiÙáìÚØÙ ÔØÒi×iÞÝ
152-ÜÜ Á³ 2Á3. ²Ø×ÝÐçÕÝÝï ãáâÐÝÞÒÞÚ ÔÛï áâàiÛìÑØ ÝÐ ãàÐÖÕÝÝï ×ÔiÙáÝîôâì-
áï ÝÐ ÞáÝÞÒi ßÞÒÝÞ÷ ßiÔÓÞâÞÒÚØ.
¼ÕâÞî àÞÑÞâØ ô ÒØ×ÝÐçÕÝÝï áâãßÕÝï ÕäÕÚâØÒÝÞáâi ãàÐÖÕÝÝï ÐàâØ-
ÛÕàiÙáìÚÞ÷ ÑÐâÐàÕ÷ ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ.
1.1 ÄÞàÜÐÛi×Ðæiï ×ÐÔÐçi
· ßÞáâÐÝÞÒÚØ ×ÐÔÐçi ÒØßÛØÒÐô, éÞ Ò ÑÞÙÞÒØå Ôiïå ÑÕàãâì ãçÐáâì ÔÒÐ ÞÔ-
ÝÞàiÔÝØå ßàÞâØÔiîçØå ãÓàãßãÒÐÝÝï: × ÞÔÝÞÓÞ ÑÞÚã  ÐàâØÛÕàiÙáìÚÐ ÑÐâÐàÕï
ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ (áâÞàÞÝÐ °), × iÝèÞÓÞ  ÐàâØÛÕàiÙáìÚØÙ ÔØÒi×iÞÝ
152-ÜÜ Á³ 2Á3 (áâÞàÞÝÐ B) (ÔØÒ. àØá. 1). ¾çÕÒØÔÝÞ, éÞ ÔØÝÐÜiÚÐ ßàÞæÕáã
ÑÞî ÜiÖ ßàÞâØÔiîçØÜØ ãÓàãßãÒÐÝÝïÜØ ïÒÛïô áÞÑÞî áÚÛÐÔÝã äi×ØçÝã áØáâÕ-
Üã S = S(S
1;S




2 ÒØ×ÝÐçÐôâìáï ÒiÔßÞÒiÔÝØÜØ ßÐàÐÜÕâàÐÜØ, ÜiÖ ïÚØÜØ iáÝãô äãÝÚ-
æiÞÝÐÛìÝÐ ×ÐÛÕÖÝiáâì. ²àÐåÞÒãîçØ, éÞ ßàØ ÒÕÔÕÝÝi ÑÞÙÞÒØå ÔiÙ ÒÐÖÛØÒã àÞÛì
ÒiÔiÓàÐô äÐÚâÞà ÒØßÐÔÚÞÒÞáâi, ÑãÔÕÜÞ ÒÒÐÖÐâØ, éÞ áØáâÕÜÐ S = S(S
1;S
2) ÞßØ-
áãôâìáï ÒØßÐÔÚÞÒØÜ ßàÞæÕáÞÜ X = X(t);t  0. Ã ×Ò'ï×Úã × æØÜ, ßàØ ßÞÑãÔÞ-
Òi ÜÐâÕÜÐâØçÝÞ÷ ÜÞÔÕÛi ÑÞÙÞÒÞÓÞ äãÝÚæiÞÝãÒÐÝÝï ÐàâØÛÕàiÙáìÚÞ÷ ÑÐâÐàÕ÷ ßàÞ-
âØÒÝØÚÐ ÝÕÞÑåiÔÝÞ ÒàÐåÞÒãÒÐâØ äÐÚâÞà ÒØßÐÔÚÞÒÞáâi. ²ØåÞÔïçØ × iÜÞÒiàÝiáÝØå
åÐàÐÚâÕàØáâØÚ áØáâÕÜØ, ã ïÚÞáâi ÓÞÛÞÒÝÞÓÞ ßÞÚÐ×ÝØÚÐ ÕäÕÚâØÒÝÞáâi Ò×ïâØ áâã-
ßiÝì ãàÐÖÕÝÝï áÐÑÐâà × ãàÐåãÒÐÝÝïÜ çÐáã ßÕàÕÑãÒÐÝÝï ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷,
çÐáã ßiÔÓÞâÞÒÚØ i âàØÒÐÛÞáâi ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã.6
ÀØá. 1. CåÕÜÐ ÒÞÓÝÕÒÞÓÞ ãàÐÖÕÝÝï áÐÑÐâà ÔØÒi×iÞÝÞÜ Á³ 2Á37
2. ¼°Âµ¼°Â¸Ç½° ¼¾´µ»Ì ±¾¹¾²¾³¾ ÄÃ½ºÆI¾½Ã²°½½Ï
°ÀÂ¸»µÀI¹ÁÌº¾§ ±°Â°Àµ§ Á°¼¾ÅI´½¸Å ½µ±À¾½Ì¾²°½¸Å
³°À¼°Â
2.1 ¿ÞÑãÔÞÒÐ ÙÜÞÒiàÝiáÝÞ÷ ÜÐâÕÜÐâØçÝÞ÷ ÜÞÔÕÛi äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà
½ÕåÐÙ ßàÞæÕá ÑÞÙÞÒÞÓÞ äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà ÞßØáãôâìáï ÔÕïÚÞî äi-
×ØçÝÞî ßiÔáØáâÕÜÞî S
1 áØáâÕÜØ S = S(S
1;S
2), ïÚÐ ÜÞÖÕ ßÕàÕÑãÒÐâØ Ò ÞÔÝÞÜã
× ÝÐáâãßÝØå áâÐÝiÒ:
S1  ÑÐâÐàÕï ×ÐÙÝïÛÐ ÒÞÓÝÕÒã ßÞ×Øæiî i àÞ×ÓÞàÝãÛÐáì Ò ÑÞÙÞÒØÙ ßÞàï-
ÔÞÚ;
S2  áÐÑÐâà ÒØÚÞÝÐÛÐ ÒÞÓÝÕÒÕ ×ÐÒÔÐÝÝï;
S3  ÑÐâÐàÕï ×ÐÛÐèØÛÐ ÒÞÓÝÕÒã ßÞ×Øæiî;
S4  ÑÐâÐàÕï ×ÝÐåÞÔØâìáï ßiÔ ÒÞÓÝÕÒØÜ ÒßÛØÒÞÜ.
¾àiôÝâÞÒÐÝØÙ ÓàÐä ßÕàÕåÞÔiÒ áØáâÕÜØ S
1 = fS1;S2;S3;S4g ×i áâÐÝã Ò
































ÀØá. 2. ¾àiôÝâÞÒÐÝØÙ ÓàÐä áâÐÝiÒ áÐÑÐâà
±ãÔÕÜÞ ÒÒÐÖÐâØ, éÞ ßÕàÕåiÔ áØáâÕÜØ S i× ÞÔÝÞÓÞ áâÐÝã Ò iÝèØÙ (äãÝÚ-
æiÞÝãÒÐÝÝï áÐÑÐâà ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷) ÒiÔÑãÒÐôâìáï ÝÐáâãßÝØÜ çØÝÞÜ:
1) Ò ßÞçÐâÚÞÒØÙ ÜÞÜÕÝâ çÐáã t = 0 (ÒiÔÛiÚ çÐáã ßÞçØÝÐôÜÞ × ÜÞÜÕÝâã
×ÐÙÝïââï áÐÑÐâà ²¿ i àÞ×ÓÞàâÐÝÝï Ò ÑÞÙÞÒØÙ ßÞàïÔÞÚ) áØáâÕÜÐ ×ÝÐåÞÔØâìáï8
Ò áâÐÝi S1 ßàÞâïÓÞÜ ÔÕïÚÞÓÞ ÒØßÐÔÚÞÒÞÓÞ çÐáã 1, âÞÑâÞ æÕ çÐá, ïÚØÙ áØáâÕÜÐ S
ßÕàÕÑãÒÐô Ò áâÐÝi S1 ÔÞ ßÕàÕåÞÔã Ò S2 ÐÑÞ S4, × ÔÞÒiÛìÝÞî äãÝÚæiôî àÞ×ßÞÔiÛã
F12(t) ÐÑÞ F14(t);
2) ßÕàÕåiÔ áØáâÕÜØ S ×i áâÐÝã Si Ò áâÐÝ Sj ÒiÔÑãÒÐôâìáï × iÜÞÒiàÝiáâî
pij  0,
P
pij = 1 ÔÛï j 2 S (i;j = 1;2;3;4):
3) ïÚéÞ ×i áâÐÝã Si ÒiÔÑãÒÐôâìáï ßÕàÕåiÔ Ò áâÐÝ Sj, âÞ Ò æìÞÜã áâÐÝi áØ-
áâÕÜÐ ×ÝÐåÞÔØâìáï ÒØßÐÔÚÞÒØÙ çÐá i × ÔÞÒiÛìÝÞî äãÝÚæiôî àÞ×ßÞÔiÛã Fij(t)
i â.Ô. ÂÞÔi ×ÓiÔÝÞ × [1,2], ÜÐâÕÜÐâØçÝÞî ÜÞÔÕÛÛî, ïÚÐ ÞßØáãô ßàÞæÕá ÑÞÙÞÒÞ-
ÓÞ äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà, ô ÝÐßiÒÜÐàÚiÒáìÚØÙ ßàÞæÕá X = X(t), t  0, ×
ÔØáÚàÕâÝÞî ÜÝÞÖØÝÞî áâÐÝiÒ i ÝÕßÕàÕàÒÝØÜ çÐáÞÜ.
²ØåÞÔïçØ × [2,3] æÕÙ ßàÞæÕá ×ÐÔÐÜÞ ÚÞÝáâàãÚâØÒÝÞ ×Ð ÔÞßÞÜÞÓÞî ßÞçÐâ-
ÚÞÒÞÓÞ àÞ×ßÞÔiÛã
p = pi;i 2 S;(i = 1;2;3;4) (1)
i ÝÐßiÒÜÐàÚiÒáìÚÞ÷ ÜÐâàØæi
Qij(t) = pijFij(t): (2)
ÂÐÚØÜ çØÝÞÜ, àÞ×Ò'ï×ÞÚ ×ÐÔÐçi ×ÒÞÔØâìáï ÔÞ ÒØ×ÝÐçÕÝÝï ßÕàÕåiÔÝØå iÜÞ-
ÒiàÝÞáâÕÙ
Pij = PfX(t) = Sj=X(0) = Sig;(i;j = 1;:::;4) (3)
ïÚi [2] ×ÐÔÞÒÞÛìÝïîâì ÝÐáâãßÝiÙ áØáâÕÜi ÛiÝiÙÝØå iÝâÕÓàÐÛìÝØå àiÒÝïÝì:












pijFij(t) = Pi(i < t); (5)
ÔÕ Qik(du) = dQik(u); i  çÐá ßÕàÕÑãÒÐÝÝï áØáâÕÜØ S Ò áâÐÝi Si ÝÕ×ÐÛÕÖÝÞ




1; i = j;
0; i 6= j:9
¿àØÙÜÐîçØ ÔÞ ãÒÐÓØ ÞàiôÝâÞÒÐÝØÙ ÓàÐä áâÐÝiÒ áØáâÕÜØ S (àØá. 2) i (4)
×ÐßØèÕÜÞ ßÕàÕåiÔÝi ÙÜÞÒiàÝÞáâi Pij(t) (i;j = 1;2;3;4), ïÚi ÒØ×ÝÐçÐîâì ßàÞæÕá




Q12(du)P22(t   u) =
Z t
0











Q23(du)P33(t   u) =
Z t
0
Q23(du)[1   F3(t   u)]: (8)
²iÔÜiâØÜÞ âÕßÕà, éÞ ã ÒiÔßÞÒiÔÝÞáâi ÔÞ äi×ØçÝÞÓÞ ×Üiáâã ×ÐÔÐçi,
áâÐÝ S4 iÝâÕàßàÕâãôâìáï ïÚ ÒâàÐâÐ ÑÞô×ÔÐâÝÞáâi áÐÑÐâà (×Ð ÚÛÐáØäiÚÐæiôî
áâÐÝiÒ [1,2] ÒØßÐÔÚÞÒÞÓÞ ßàÞæÕáã ÒiÝ ô ßÞÓÛØÝÐîçØÜ), âÐÚ ïÚ ßÞâàÐßÛïÝÝï Ò
ÝìÞÓÞ áØáâÕÜØ S ÝÐ ài×ÝØå ÕâÐßÐå áÒÞÓÞ äãÝÚæiÞÝãÒÐÝÝï ßàØ×ÒÞÔØâì ÔÞ ÝÕÒØ-
ÚÞÝÐÝÝï ßÞáâÐÒÛÕÝÞÓÞ ×ÐÒÔÐÝÝï.
¿Þ×ÝÐçØÜÞ ÜÞÜÕÝâ ßÕàèÞÓÞ ßÞâàÐßÛïÝÝï áØáâÕÜØ S Ò áâÐÝ S4 çÕàÕ× ,
âÞÔi
Pi4(t) = Pi4f < tg;(i = 1;2;3) (9)
æÕ ÙÜÞÒiàÝiáâì âÞÓÞ, éÞ áÐÑÐâà ÒâàÐâØÛÐ ÑÞô×ÔÐâÝiáâì, Ð   çÐá, ÝÕÞÑåiÔÝØÙ
ßàÞâØÒÝØÚã ÔÛï ÒØïÒÛÕÝÝï i ÝÐÝÕáÕÝÝï ÒÞÓÝÕÒÞÓÞ ãÔÐàã ßÞ áÐÑÐâà.












P24(t) = Q24(t) +
Z t
0
Q23(du)Q34(t   u); (11)
P34(t) = Q34(t): (12)
¾âàØÜÐÝi ×ÐÓÐÛìÝi áßiÒÒiÔÝÞèÕÝÝï i ÝÐßiÒÜÐàÚiÒáìÚÐ ÜÐâàØæï ÔÐîâì
ÜÞÖÛØÒiáâì ßiÔàÐåãÒÐâØ ÙÜÞÒiàÝiáâì ÒâàÐâØ ÑÞô×ÔÐâÝÞáâi (ßÞâàÐßÛïÝÝï Ò áâÐÝ
S4 ×i áâÐÝiÒ S1, S2 ÐÑÞ S3) áÐÑÐâà ßàØ ÝÐÝÕáÕÝÝi ÒÞÓÝÕÒÞÓÞ ãÔÐàã ÐàâØÛÕàiÙáì-
ÚØÜ ÔØÒi×iÞÝÞÜ 152-ÜÜ Á³ 2Á3.10
2.2 ÀÞ×àÐåãÝÚÞÒi äÞàÜãÛØ ÔÛï ÒØ×ÝÐçÕÝÝï ÒâàÐâØ ÑÞô×ÔÐâÝÞáâi
áÐÑÐâà
¾áÚiÛìÚØ äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà ÝÐ ²¿ ÞßØáãôâìáï ÝÐßiÒÜÐàÚiÒáìÚØÜ
ßàÞæÕáÞÜ , âÞ ×ÐÔÐÜÞ ÙÞÓÞ ÒÕÚâÞàÞÜ p = fpi;2 Sg = f1;0;0;0g i ÝÐßiÒÜÐà-
ÚiÒáìÚÞî ÜÐâàØæÕî
Q(t) = fQij(t);i;j 2 Sg = fpij(1   e it);t  0;
X
pij = 1;i > 0g; (13)
ÔÕ fpij;i;j 2 Sg = P-ÜÐâàØæï iÜÞÒiàÝÞáâÕÙ ßÕàÕåÞÔã ÛÐÝæîÓÐ ¼ÐàÚÞÒÐ.
·ÐÔÐÝØÜØ[46]çÐátßÕàÕÑãÒÐÝÝïÒØáÞÚÞÜÐÝÕÒàÞÒÞ÷æiÛiÝÐÒÞÓÝÕÒiÙßÞ-
×Øæi÷ ÒÚÛîçÐô Ò áÕÑÕ çÐá ×ÐÙÝïââï ÒÞÓÝÕÒÞ÷ ßÞ×Øæi÷ i àÞ×ÓÞàâÐÝÝï Ò ÑÞÙÞÒØÙ ßÞ-
àïÔÞÚÒiÔ4ÔÞ5åÒ.,çÐáßiÔÓÞâÞÒÚØiÒØÚÞÝÐÝÝïÒÞÓÝÕÒÞÓÞ×ÐÒÔÐÝÝï-ÒiÔ5ÔÞ
6åÒ.,çÐá×ÐÛØèÕÝÝïÒÞÓÝÕÒÞ÷ßÞ×Øæi÷-ÒiÔ2ÔÞ3åÒ.¾âÖÕ,çÐáßÕàÕÑãÒÐÝÝïáÐ-
ÑÐâà ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷ àÞ×ÓÛïÔÐôâìáï ïÚ ÒØßÐÔÚÞÒÐ ÒÕÛØçØÝÐ, ïÚÐ Ò àÕ×ãÛì-
âÐâi àÕÐÛi×Ðæi÷ ÜÞÖÕ ßàØÙÜÐâØ ïÚi ×ÐÒÓÞÔÝÞ ×ÝÐçÕÝÝï Ò iÝâÕàÒÐÛi tmin = 11 åÒ.,
tmax = 14åÒ.¾áÚiÛìÚØtôÒØßÐÔÚÞÒÞîÒÕÛØçØÝÞî,ÞçiÚãÒÐÝÕ×ÝÐçÕÝÝïçÐáãßÕ-





;(i = 1;2;3;4): (14)
´ÐÝi àÞ×àÐåãÝÚiÒ ×ÒÞÔØÜÞ ã âÐÑÛØæî 1.
ð/ð ÁâÐÝØ äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà
¾æiÝÚÐ ßÕàÕÑãÒÐÝÝï ã áâÐÝÐå, åÒ.
tmin tmax ti(i = 1;2;3;4)
1 ·ÐÙÝïââï ²¿ 4 5 ti = 4:5
2 ²ØÚÞÝÐÝÝï ÒÞÓÝÕÒÞÓÞ ×ÐÒÔÐÝÝï 5 6 t2 = 5:5
3 ·ÐÛØèÕÝÝï ÒÞÓÝÕÒÞ÷ ßÞ×Øæi÷ 2 3 t3 = 2:5
4 ÂàØÒÐÛiáâì ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã t4 = 10
ÂÐÑÛ. 1. ÇØáÛÞÒi ×ÝÐçÕÝÝï áÚÛÐÔÞÒØå çÐáã äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà ã ÒiÔßÞÒiÔÝØå áâÐÝÐå11








ÔÕ aij áÕàÕÔÝiÙ çÐá ßÕàÕÑãÒÐÝÝï áØáâÕÜØ S Ò áâÐÝi Si ÔÞ ßÕàÕåÞÔã Ò Sj. ¼Ðô-









p11 p12 p13 p14
0 p22 p23 p24
0 0 p33 p34
















0:2 0:24 0:11 0:45
0 0:3 0:14 0:56
0 0 0:2 0:8









´ÐÛi, Fi(t) = 1 e it  äãÝÚæiï àÞ×ßÞÔiÛã çÐáã i ßÕàÕÑãÒÐÝÝï áØáâÕÜØ











¿ÞÚÛÐÒèØ M(i) = ti, ÞâàØÜãôÜÞ, éÞ i = 1
ti  ÒÕÛØçØÝÐ ÞÑÕàÝÕÝÐ ÔÞ áÕàÕÔ-
ÝìÞÓÞ çÐáã ßÕàÕÑãÒÐÝÝï áØáâÕÜØ S Ò áâÐÝi Si. ²àÐåÞÒãîçØ ãÜÞÒã ÝÐèÞ÷ ×ÐÔÐçi
(ÔØÒ. âÐÑÛ. 1)
1 = 0:22;2 = 0:18;3 = 0:4: (18)
¿iáÛï ßiÔáâÐÝÞÒÚØ (13) Ò (12), (11), (10) ÒiÔßÞÒiÔÝÞ ×ÝÐåÞÔØÜÞ ÙÜÞÒiàÝÞ-
áâi ßÞâàÐßÛïÝÝï áÐÑÐâà ßiÔ ÒÞÓÝÕÒØÙ ÒßÛØÒ:
P34(t) = Q34(t) = p34(1   e 3t); (19)
P24(t) = Q24(t) +
Z 1
0
Q23(du)Q34(t   u) =
= p24(1   e 2t) + 2p23p34
Z 1
0
e 2u(1   e 3(t u))du =
= p24(1   e 2t) + p23p34(1   e 2t) +
2
2   3
p23p34(e 2t   e 3t); (20)
ÐÑÞ
P24(t) = s + me 2t   ne 3t; (21)12
ÔÕ s = p24 + p23p34, m =
2p23p34
2   3





P14(t) = s1   m1e 1t + n1e 2t   p1e 3t; (22)
ÔÕ s1 = p14 + p12p24 + p12p23p34,
















(2   3)(1   3)
.
¿iÔáâÐÒØÜÞ Ò (19), (20), (22), i ×ÝÐçÕÝÝï pij × (17) i i × (18), Ò àÕ×ãÛìâÐâi
ÞâàØÜÐôÜÞ àÞ×àÐåãÝÚÞÒi äÞàÜãÛØ ÔÛï ÒØ×ÝÐçÕÝï èãÚÐÝØå iÜÞÒiàÝÞáâÕÙ:
P14(t) = 0:611 + 0:424e 0:22t   1:008e 0:18t   0:027e 0:4t; (23)
P24(t) = 0:672   0:764e 0:18t + 0:092e 0:4t; (24)
P34(t) = 0:8   0:8e 0:4t: (25)
¿àØßãáÚÐôÜÞ, éÞ ÒÞÓÝÕÒØÙ ÝÐÛiâ ßÞ áÐÑÐâà ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ
âàØÒÐô 10 åÒØÛØÝ, àÞ×àÐåãôÜÞ ÙÜÞÒiàÝÞáâi ßÕàÕåÞÔã áØáâÕÜØ ×i áâÐÝiÒ S1, S2
i S3 Ò áâÐÝ S4. ÂÞÑâÞ ÔÛï áØâãÐæi÷, ÚÞÛØ áÐÑÐâà ×ÐÙÜÐô ²¿, ÒØÚÞÝãô ÒÞÓÝÕÒÕ
×ÐÒÔÐÝÝï i ×ÐÛØèÐô ²¿.





ÂàØÒÐÛiáâì ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã t, åÒ.
1 2 3 4 5 6 7 8 9 10
1 P14(t) 0.091 0.169 0.235 0.291 0.339 0.380 0.414 0.444 0.469 0.491
2 P24(t) 0.096 0.180 0.255 0.319 0.374 0.421 0.461 0.495 0.523 0.547
3 P34(t) 0.264 0.441 0.559 0.639 0.692 0.727 0.751 0.767 0.778 0.785
ÂÐÑÛ. 2. IÜÞÒiàÝÞáâi ßÕàÕåÞÔã áØáâÕÜØ S Ò áâÐÝ S4 ×i áâÐÝiÒ S1, S2 i S3
³àÐäiçÝÐ iÛîáâàÐæiï ×ÐÛÕÖÝÞáâi iÜÞÒiàÝÞáâÕÙ ßÕàÕåÞÔã Pi4 (i = 1;2;3)




























ÀØá. 3. IÜÞÒiàÝÞáâi ßÕàÕåÞÔiÒ ã áâÐÝ S4 ×i áâÐÝiÒ S1, S2, S314
2.3 ÀÞ×àÐåãÝÚÞÒi äÞàÜãÛØ ÔÛï ÒØ×ÝÐçÕÝÝï ÙÜÞÒiàÝÞáâi áÒÞôçÐáÝÞáâi
ÒÞÓÝî ßÞ áÐÑÐâà
¾ÔÝØÜ i× ÓÞÛÞÒÝØå ×ÐÒÔÐÝì, ïÚi àÞ×Ò'ï×ãôâìáï Ò åÞÔi ãàÐÖÕÝÝï ßàÞâØÒ-
ÝØÚÐ ô ÑÞàÞâìÑÐ × ÙÞÓÞ ÐàâØÛÕàiôî. ÁãçÐáÝi àÕÐÛìÝi ÞÑ'ôÚâØ, ïÚi ßiÔÛïÓÐîâì
ãàÐÖÕÝÝî ô ÒØáÞÚÞÜÐÝÕÒàÞÒØÜØ i ×ÔÐâÝi Ò ÚÞàÞâÚi ßàÞÜiÖÚØ çÐáã ÒØÚÞÝÐâØ
ÒÞÓÝÕÒÕ ×ÐÒÔÐÝÝï i ×ÐÛØèØâØ ÒÞÓÝÕÒã ßÞ×Øæiî. ² [4,8] ÔÛï ÒØ×ÝÐçÕÝÝï áâãßÕÝï
ãàÐÖÕÝÝï ÒØáÞÚÞÜÐÝÕÒàÞÒØå æiÛÕÙ ßàÞßÞÝãôâìáï ÝÐáâãßÝÐ äÞàÜãÛÐ:
M = M  Pc; (26)
ÔÕ M  ÜÐâÕÜÐâØçÝÕ áßÞÔiÒÐÝÝï ÒiÔÝÞáÝÞÓÞ çØáÛÐ ãàÐÖÕÝÝï ÞÚàÕÜØå æiÛÕÙ ×i
áÚÛÐÔã ÓàãßÞÒÞ÷; Pc  iÜÞÒiàÝiáâì áÒÞôçÐáÝÞáâi ÒÞÓÝî ßÞ æiÛi.
· iÜÞÒiàÝiáÝÞ÷ âÞçÚØ ×Þàã [911] ÒÕÛØçØÝØ M i Pc, éÞ ÒåÞÔïâì ÔÞ (26) ô
åÐàÐÚâÕàØáâØÚÐÜØ ÒØßÐÔÚÞÒØå ÒÕÛØçØÝ. ÆÕ, ÝÐßàØÚÛÐÔ, ÜÞÜÕÝâ ×ÐÙÝïââï ÒÞ-
ÓÝÕÒÞ÷ ßÞ×Øæi÷, ÒØÚÞÝÐÝÝï ÑÞÙÞÒÞ÷ ×ÐÔÐçi, çÐá ÝÕÞÑåiÔÝØÙ ÔÛï ÒØ×ÝÐçÕÝÝï ÚÞÞà-
ÔØÝÐâ æiÛi, ßiÔÓÞâÞÒÚÐ ÔÐÝØå i ÝÐÝÕáÕÝÝï ÒÞÓÝÕÒÞÓÞ ãÔÐàã.
Æi ÒÕÛØçØÝØ Ò áÒÞî çÕàÓã ×ÐÛÕÖÐâì [4,8] ÒiÔ ÑÐÓÐâìÞå äÐÚâÞàiÒ âÐÚØå ïÚ
àiÒÕÝì ßiÔÓÞâÞÒÚØ ÞáÞÑÞÒÞÓÞ áÚÛÐÔã, çÐáã äãÝÚæiÞÝãÒÐÝÝï ÚÞÜßÛÕÚáã, èÒØÔ-
ÚÞÔi÷ °ÁÃ ÐàâØÛÕàiÙáìÚÞ÷ áØáâÕÜØ, ÕäÕÚâØÒÝÞáâi ×ÐáÞÑiÒ àÞ×ÒiÔÚØ i â.Ô. ²ØåÞ-
ÔïçØ × ÒØéÕ áÚÐ×ÐÝÞÓÞ i (26) ÑÐçØÜÞ, éÞ áâãßiÝì ãàÐÖÕÝÝï ÒØáÞÚÞÜÐÝÕÒàÞÒÞ÷
æiÛi ×ÝÐçÝÞî ÜiàÞî ×ÐÛÕÖØâì ÒiÔ Pc  ÙÜÞÒiàÝÞáâi áÒÞôçÐáÝÞáâi ÒÞÓÝî.
¿Þ×ÝÐçØÜÞ çÕàÕ× tß ÒØßÐÔÚÞÒã ÒÕÛØçØÝã  çÐá ßÕàÕÑãÒÐÝÝï ÒØáÞÚÞÜÐ-
ÝÕÒàÞÒÞ÷ æiÛi ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷, i ÝÕåÐÙ '(tß)  éiÛìÝiáâìàÞ×ßÞÔiÛã çÐáã tß.
ÇÕàÕ×tßiÔÓ ÒØßÐÔÚÞÒãÒÕÛØçØÝãçÐáÝÕÞÑåiÔÝØÙÝÐßiÔÓÞâÞÒÚãiÝÐÝÕáÕÝÝïÒÞ-
ÓÝÕÒÞÓÞ ãÔÐàã i f(tßiÔÓ)  éiÛìÝiáâì àÞ×ßÞÔiÛã çÐáã tßiÔÓ. · äi×ØçÝÞ÷ âÞçÚØ ×Þàã
×àÞ×ãÜiÛÞ, éÞ ÝÐÝÕáÕÝÝï ÒÞÓÝÕÒÞÓÞ ãÔÐàã ßÞ æiÛi ÑãÔÕ áÒÞôçÐáÝØÜ ÛØèÕ ßàØ
ãÜÞÒi, ïÚéÞ tßiÔÓ < tß; ïÚéÞ Ö tßiÔÓ  tß, ÝÐÝÕáÕÝÝï ÒÞÓÝÕÒÞÓÞ ãÔÐàã ßÞ æiÛi ÝÕ
ÑãÔÕ áÒÞôçÐáÝØÜ i ÒÞÝÐ ×ÐÛÐèØâìáï ÝÕãàÐÖÕÝÞî.15
¿Þ×ÝÐçØÜÞ çÕàÕ×  ÒiÔÝÞèÕÝÝï
tßiÔÓ
tß




ÜÕâà , ïÚ ÒiÔÝÞèÕÝÝï ÔÒÞå ÒØßÐÔÚÞÒØå ÒÕÛØçØÝ, ô ÒØßÐÔÚÞÒÞî ÒÕÛØçØÝÞî i
ßàØ ×ÝÐçÕÝÝïå  < 1 (  1) ÒØáâãßÐô Ò àÞÛi ÙÜÞÒiàÝiáÝÞ÷ åÐàÐÚâÕàØáâØÚØ
áÒÞôçÐáÝÞáâi ÒÞÓÝî ßÞ æiÛi. ÂÞÔi ÔÛï ÒØ×ÝÐçÕÝÝï Pc ÝÕÞÑåiÔÝÞ ×ÝÐÙâØ ×ÐÚÞÝ











ÔÕ F(tß)  äãÝÚæiï àÞ×ßÞÔiÛã ÒØßÐÔÚÞÒÞ÷ ÒÕÛØçØÝØ tßiÔÓ, ×Ð ãÜÞÒØ, éÞ
tßiÔÓ = tß.
·ÝÐÙÔÕÜÞ éiÛìÝiáâì àÞ×ßÞÔiÛã ßÐàÐÜÕâàÐ , ÔÛï æìÞÓÞ ßàÞÔØäÕàÕÝæiîô-
ÜÞ (27) ßÞ , âÞÑâÞ
dPcftßiÔÓ  tßg
d




·ÒiÔÚØ ÞâàØÜãôÜÞ áßiÒÒiÔÝÞèÕÝÝï ÔÛï ×ÝÐåÞÔÖÕÝÝï ÙÜÞÒiàÝÞáâi áÒÞô-












½ÕåÐÙ ×Ð àÕ×ãÛìâÐâÐÜØ áâÐâØáâØçÝÞÓÞ ÜÞÔÕÛîÒÐÝÝï ÝÕ ÒØïÒÛÕÝÞ ßàÞâØ-
àiççï ÓißÞâÕ×i ßàÞ ÝÐÛÕÖÝiáâì ÕÚáßÞÝÕÝæiÐÛìÝÞÜã àÞ×ßÞÔiÛã çÐáã tßiÔÓ ÔÞ ÒÞ-
ÓÝÕÒÞÓÞ ãÔÐàã, Ð çÐá tß  ßÕàÕÑãÒÐÝÝï ÑÐâÐàÕ÷ ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ ÝÐ
ÒÞÓÝÕÒiÙ ßÞ×Øæi÷ ßiÔßÞàïÔÚÞÒãôâìáï ÝÞàÜÐÛìÝÞÜã ×ÐÚÞÝã, âÞÔi
f(tßiÔÓ) = e tßiÔÓ; (31)










ÔÕ mtß i tß  ÝÕÒiÔÞÜi ßÐàÐÜÕâàØ àÞ×ßÞÔiÛã ÒØßÐÔÚÞÒÞ÷ ÒØÛØçØÝØ tß.16














´Ûï ×àãçÝÞáâi ÒØÚÛÐÔÞÚ ßÞÚÛÐÔÕÜÞ tß = t i ßiáÛï ßàÞáâØå ßÕàÕâÒÞàÕÝì










































































(x)  äãÝÚæiï »ÐßÛÐáÐ. ¿iáÛï ÔÕïÚØå áßàÞéÕÝì i iÝâÕÓàãÒÐÝÝï ÞâàØÜãôÜÞ





























¼ÕâÞÔÞÜ ÜÐÚáØÜÐÛìÝÞ÷ ßàÐÒÔÞßÞÔiÑÝÞáâi ÜÞÖÝÐ ßÞÚÐ×ÐâØ, éÞ âÞçÚÞÒØ-
ÜØ ÞæiÝÚÐÜØ ÝÕÒiÔÞÜØå ßÐàÐÜÕâàiÒ mt i t ÝÞàÜÐÛìÝÞÓÞ àÞ×ßÞÔiÛã ô xÒ i Ò, âÞÑ-
âÞ xÒ  mt Ò  t, Ð âÞçÚÞÒÞî ÞæiÝÚÞî ßÐàÐÜÕâàÐ  ô ÒÕÛØçØÝÐ ÞÑÕàÝÕÝÐ ÔÞ
xÒ = M(tßiÔÓ).
· [46] áÛiÔãô, éÞ áÕàÕÔÝiÙ çÐá ßiÔÓÞâÞÒÚØ ÔØÒi×iÞÝã ÔÞ ÒØÚÞÝÐÝÝï ÒÞ-
ÓÝÕÒÞÓÞ ×ÐÒÔÐÝÝï áÚÛÐÔÐô 2:5   3 åÒØÛØÝØ, âÞÔi  = 0:36, Ð áÕàÕÔÝiÙ çÐá ßÕàÕ-
ÑãÒÐÝÝï ÑÐâÐàÕ÷ ÝÐ ÒÞÓÝÕÒiÙ ßÞ×Øæi÷ áÚÛÐÔÐô 11   14 åÒØÛØÝ, âÞÜã mt = 12:5, Ð
t = 1:5. ¿iÔáâÐÒÛïôÜÞ æi ÔÐÝi Ò (35) i áÚÞàØáâÐôÜÞáì [10] âÐÑÛØæÕî ÔÛï ×ÝÐ-
çÕÝì äãÝÚæi÷ (x), ÞáâÐâÞçÝÞ ÞâàØÜãôÜÞ Pc = 0:98:17
3. À¾·²'Ï·¾º ·°´°ÇI
3.1 ²Ø×ÝÐçÕÝÝï ßÞÚÐ×ÝØÚÐ ÕäÕÚâØÒÝÞáâi ÒÞÓÝî ßÞ ÐàâØÛÕàiÙáìÚiÙ ÑÐ-
âÐàÕ÷ ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ
²ÕÛØçØÝÐ ÜÐâÕÜÐâØçÝÞÓÞ áßÞÔiÒÐÝÝï M ×Ð ãÜÞÒ, éÞ àÞ×áiîÒÐÝÝï áÝÐ-
àïÔiÒ àÞ×ßÞÔiÛÕÝÕ ×Ð àiÒÝÞÜiàÝØÜ ×ÐÚÞÝÞÜ i æiÛì ÝÐÚàØâÐ ÞÑÛÐáâî àÞ×àØÒiÒ,
ÒØ×ÝÐçÐôâìáï ×Ð äÞàÜãÛÞî:







ÔÕ   iÜÞÒiàÝiáâì ÝÐÚàØââï æiÛi ÞÑÛÐáâî àÞ×àØÒiÒ (ÒÛãçÕÝÝï Ò ßàïÜÞÚãâÝØÚ
×i áâÞàÞÝÐÜØ ³×àà i Ä×àà); N  ×ÐÓÐÛìÝÐ ÒØâàÐâÐ áÝÐàïÔiÒ; S×  ×ÒÕÔÕÝÐ ×Þ-
ÝÐ ãàÐÖÕÝÝï; ³×àà(Ä×àà)  ÓÛØÑØÝÐ (äàÞÝâ) ×ÞÝØ àiÒÝÞÜiàÝÞÓÞ àÞ×ßÞÔiÛÕÝÝï
áÝÐàïÔiÒ.
3.2 IÜÞÒiàÝiáâì ÝÐÚàØââï æiÛi
· ãàÐåãÒÐÝÝïÜ èâãçÝÞÓÞ âÐ âÕåÝiçÝÞÓÞ àÞ×áiîÒÐÝÝï áÝÐàïÔiÒ, Ð âÐÚÞÖ
ÝÐïÒÝÞáâi ßÞÜØÛÞÚ ßiÔÓÞâÞÒÚØ ãáâÐÝÞÒÞÚ ÔÛï ÒÕÔÕÝÝï ÒÞÓÝî, iÜÞÒiàÝiáâì ÝÐ-
ÚàØââï æiÛi ÞÑÛÐáâî àÞ×àØÒiÒ  ×ÐÛÕÖØâì ÒiÔ ÑÐÓÐâìÞå ßÐàÐÜÕâàiÒ i Ò ×ÐÓÐÛìÝÞ-








Ý×)  ×ÒÕÔÕÝi áÕàÕÔØÝÝi ßÞÜØÛÚØ ßiÔÓÞâÞÒÚØ ×Ð ÔÐÛìÝiáâî (ÝÐßàïÜ-
ÚÞÜ); B2
@× (B2
×)  ×ÒÕÔÕÝi áÕàÕÔØÝÝi ßÞÜØÛÚØ àÞ×áiîÒÐÝÝï ×Ð ÔÐÛìÝiáâî (ÝÐ-
ßàïÜÚÞÜ); nÓ (nä)  çØáÛÞ ãáâÐÝÞÒÞÚ ßàØæiÛã (ÚãâÞÜiàã); hx (hz)  ÒiÔáâÐÝì
ÜiÖ âÞçÚÐÜØ ßàØæiÛîÒÐÝÝï ×Ð ÔÐÛìÝiáâî (ÝÐßàïÜÚÞÜ).
·ÓiÔÝÞ × [4] iÜÞÒiàÝiáâì ÝÐÚàØââï æiÛi ×ÞÝÞî àiÒÝÞÜiàÝÞÓÞ àÞ×áiîÒÐÝÝï
ÜÞÖÕ ÑãâØ ÒØ×ÝÐçÕÝÐ ×Ð ÔÞßÞÜÞÓÞî ×ÒÕÔÕÝÞ÷ äãÝÚæi÷ »ÐßÛÐáÐ [4,13] ×Ð äÞàÜã-18
ÛÞî:




































ã = (1  
p
n)Äã + Äã;³
ã = (1  
p
n)³ã + ³ã; (40)
ãÜÞÒÝi àÞ×ÜiàØ æiÛi ßÞ äàÞÝâã i ÓÛØÑØÝi ã ÒØßÐÔÚã, ÚÞÛØ ÓÐàÜÐâØ ÝÐ ÒÞÓÝÕÒæÙ
ßÞ×Øæi÷ àÞ×ÜiéÕÝi ãáâãßÞÜ ÒßÕàÕÔ (ÝÐ×ÐÔ), àÞÜÑÞÜ âÐ iÝèØÜØ áßÞáÞÑÐÜØ; n
ÜÐâÕÜÐâØçÝÕáßÞÔiÒÐÝÝïçÐáâÚØßÛÞéiæiÛi,éÞÝÐÚàØâÐ×ÞÝÞîãàÐÖÕÝÝïÔÛï
n ÒØïÒÛÕÝØå ÓÐàÜÐâ [4], ÞÑØàÐôâìáï × âÐÑÛØæi 3.
n 1 2 3 4 5 6
n 0,56 0,71 0,82 0,92 0,98 1













3.3 ÀÞ×àÐåãÝÞÚ áâãßÕÝï ãàÐÖÕÝÝï ÐàâØÛÕàiÙáìÚÞ÷ ÑÐâÐàÕ÷ áÐÜÞåiÔÝØå
ÝÕÑàÞÝìÞÒÐÝØå ÓÐàÜÐâ
²ØåiÔÝi ÔÐÝi: ÆiÛì  ÐàâØÛÕàiÙáìÚÐ ÑÐâÐàÕï ÝÕÑàÞÝìÞÒÐÝØå ÓÐàÜÐâ ßàÞ-
âØÒÝØÚÐ (n = 6 Ó); ÕÛÕÜÕÝâ ãàÐÖÕÝÝï  áÐÜÞåiÔÝi ÝÕÑàÞÝìÞÒÐÝi ÓÐàÜÐâØ; ÑÞÙ-
ÞÒØÙ ßÞàïÔÞÚ ÑÐâÐàÕ÷ ßàÞâØÒÝØÚÐ  ãáâãßÞÜ ÝÐ×ÐÔ, äàÞÝâ Ä i ÓÛØÑØÝÐ ³ ÒÞ-
ÓÝÕÒÞ÷ ßÞ×Øæi÷ ÒØ×ÝÐçÕÝi ×Ð ÔÐÝØÜØ ßÞÒiâàïÝÞ÷ àÞ×ÒiÔÚØ 300  150 Ü; àÞ×ÒiÔÐÝÞ
ÔÒi ÓÐàÜÐâØ.19
´Þ ãàÐÖÕÝÝï ÑÐâÐàÕ÷ ßàÞâØÒÝØÚÐ ×ÐÛãçÐôâìáï ÐàâØÛÕàiÙáìÚØÙ ÔØÒi×iÞÝ
152-ÜÜ Á³ 2Á3 (3 ÑÐâÐàÕ÷ ßÞ 6 Ó = 18 Ó). ²ØâàÐâÐ áÝÐàïÔiÒ  24 ÝÐ ÓÐàÜÐâã,
ÔÐÛìÝiáâì áâàiÛìÑØ 8 ÚÜ.
´Ûï àÞ×àÐåãÝÚiÒ áÚÞàØáâÐôÜÞáì ÔÐÝØÜØ × ÔÞÔÐâÚÐ A.
1. ÂÐÚ ïÚ ÒØïÒÛÕÝÞ n = 2 ÓÐàÜÐâØ, âÞ ×ÓiÔÝÞ × âÐÑÛØæÕî 3 i (40) ßiÔàÐåÞ-
ÒãôÜÞ ãÜÞÒÝi àÞ×ÜiàØ æiÛi ßÞ äàÞÝâã Ä
ã i ÓÛØÑØÝi ³
ã:
Ä
ã = (1  
p
2)300 + 300 = (1  
p
0:71)300 + 300 = 347 Ü;
³
ã = (1  
p
2)150 + 150 = (1  
p
0:71)150 + 150 = 174 Ü:
2. ·ÒÕÔÕÝi áÕàÕÔØÝÝi ßÞÜØÛÚØ ßiÔÓÞâÞÒÚØ âÐ àÞ×áiîÒÐÝÝï E0
@×, E0
Ý×, B@×,
B× ×Ð ÔÐÛìÝiáâî áâàiÛìÑØ 8 ÚÜ ÔÛï ×àÐ×ÚÐ Þ×ÑàÞôÝÝï 152-ÜÜ Á³ 2Á3 ÒiÔèãÚã-
ôÜÞ ×Ð âÐÑÛ. ° (ÔØÒ. ÔÞÔÐâÞÚ A) E0
@× = 58 Ü, E0
Ý× = 35 Ü, B@× = 38 Ü, B× = 19 Ü.
¿iÔáâÐÒØÒèØ ÞâàØÜÐÝi ÒÕÛØçØÝØ ã (39), ÒØ×ÝÐçØÜÞ ×ÒÕÔÕÝi áÕàÕÔØÝÝi ßÞ-
















352 + 0:038  3472 = 76 Ü:
3. ·ÞÝã àiÒÝÞÜiàÝÞÓÞ àÞ×ßÞÔiÛã âÞçÞÚ ßÐÔiÝÝï áÝÐàïÔiÒ ßiÔàÐåãôÜÞ ×Ð
äÞàÜãÛÞî (41) ßàØ çØáÛi ãáâÐÝÞÒÞÚ ßàØæiÛã nÓ = 3, çØáÛã ãáâÐÝÞÒÞÚ ÚãâÞ-
ÜiàÐ nä = 6 (×Ð çØáÛÞÜ ÓÐàÜÐâ), ÒiÔáâÐÝì ÜiÖ âÞçÚÐÜØ ßàØæiÛîÒÐÝÝï hx = 67 Ü
















26:4  192 + 35  332 = 218:28 = 218 Ü:
4. ¾áâÐâÞçÝÞ ×ÝÐåÞÔØÜÞ èãÚÐÝã ÙÜÞÒiàÝiáâì  ×Ð äÞàÜãÛÞî (38):























5. ÃÜÞÒÝã ÙÜÞÒiàÝiáâì ãàÐÖÕÝÝï áÐÜÞåiÔÝÞ÷ ÑÐâÐàÕ÷ ÝÕÑàÞÝìÞÒÐÝØå ÓÐà-
ÜÐâ ßàÞâØÒÝØÚÐ ×Ð ãÜÞÒØ, éÞ æiÛì ÝÐÚàØâÐ ×ÞÝÞî àiÒÝÞÜiàÝÞÓÞ àÞ×áiîÒÐÝÝï,
×ÝÐÙÔÕÜÞ ×Ð äÞàÜãÛÞî
pã = 1   e
  NS×
³×ààÄ×àà: (42)
·ÐÓÐÛìÝÐ ÒØâàÐâÐ áÝÐàïÔiÒ ÝÐ ãàÐÖÕÝÝï æiÛi, ×ÓiÔÝÞ × ãÜÞÒÞî ×ÐÔÐçi
N = 3  6  24 = 432 áÝ:
·ÒÕÔÕÝã ×ÞÝã ãàÐÖÕÝÝï ×ÝÐåÞÔØÜÞ ×Ð âÐÑÛØæÕî ² (ÔØÒ. ÔÞÔÐâÞÚ A)
S× = 145Ü2, âÞÔi × (42)
pã = 1   e 432145
272218 = 0:6517:
· äÞàÜãÛØ (36) ÒØ×ÝÐçÐôÜÞ ÜÐâÕÜÐâØçÝÕ áßÞÔiÒÐÝÝï ÒiÔÝÞáÝÞÓÞ çØáÛÐ
ãàÐÖÕÝØå ÞÚàÕÜØå æiÛÕÙ ×i áÚÛÐÔã ÓàãßÞÒÞ÷






= 0:5515  0:6517 = 0:3594:
IÜÞÒiàiÝáâì áÒÞôçÐáÝÞáâi ÒÞÓÝî ÒØ×ÝÐçÐôÜÞ ×Ð äÞàÜãÛÞî P
ci = Pc  Pi4
(i = 1;2;3),ÐßÞÚÐ×ÝØÚãàÐÖÕÝÝïÑÐâÐàÕ÷M = MP
c .¾âàØÜÐÝiàÞ×àÐåãÝ-
ÚØ ÔÐîâì ÜÞÖÛØÒiáâì ÒiÔßÞÒiáâØ ÝÐ ßÞáâÐÒÛÕÝÕ ßØâÐÝÝï ×ÐÔÐçi  ÒØ×ÝÐçÕÝÝï
áâãßÕÝï ãàÐÖÕÝÝï áÐÑÐâà.







1 0.089 0.094 0.259 0.032 0.034 0.093
2 0.165 0.177 0.432 0.059 0.064 0.155
3 0.230 0.249 0.548 0.083 0.090 0.197
4 0.285 0.312 0.626 0.102 0.112 0.225
5 0.332 0.366 0.678 0.119 0.132 0.244
6 0.372 0.412 0.713 0.134 0.148 0.256
7 0.406 0.452 0.736 0.146 0.162 0.265
8 0.435 0.485 0.752 0.156 0.174 0.270
9 0.460 0.513 0.763 0.165 0.184 0.274
10 0.481 0.536 0.770 0.173 0.192 0.277
ÂÐÑÛ. 4. ·ÝÐçÕÝÝï ßÞÚÐ×ÝØÚÐ ÕäÕÚâØÒÝÞáâi ãàÐÖÕÝÝï ÑÐâÐàÕ÷ ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ21
³àÐäiçÝÞ, ×ÜiÝÐ ßÞÚÐ×ÝØÚÐ ÕäÕÚâØÒÝÞáâi áâãßÕÝï ãàÐÖÕÝÝï ÑÐâÐàÕ÷ ÕÒÕÝ-
âãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ, ßàÞiÛîáâàÞÒÐÝÐ ÝÐ àØá. 4.
ÀØá. 4. ·ÜiÝÐ ßÞÚÐ×ÝØÚÐ ÕäÕÚâØÒÝÞáâi ãàÐÖÕÝÝï ÑÐâÐàÕ÷ áÐÜÞåiÔÝØå ÝÕÑàÞÝìÞÒÐÝØå ÓÐàÜÐâ
ÕÒÕÝâãÐÛìÝÞÓÞ ßàÞâØÒÝØÚÐ22
²¸Á½¾²º¸
² àÞÑÞâi ÝÐÒÕÔÕÝÐ ÜÐâÕÜÐâØçÝÐ ÜÞÔÕÛì äãÝÚæiÞÝãÒÐÝÝï áÐÑÐâà ÕÒÕÝâã-
ÐÛìÝÞÓÞßàÞâØÒÝØÚÐÝÐÒÞÓÝÕÒiÙßÞ×Øæi÷ãÒiÔßÞÒiÔÝØåáâÐÝÐå.¾ßØáäãÝÚæiÞÝã-





°ÝÐÛi× ÞâàØÜÐÝÞÓÞ àÞ×Ò'ï×Úã áØáâÕÜØ i àÕ×ãÛìâÐâØ àÞ×àÐåãÝÚiÒ, Ò àÐÜÚÐå
ßÞáâÐÒÛÕÝÞ÷ ×ÐÔÐçi, ÔÐîâì ÜÞÖÛØÒiáâì ×àÞÑØâØ ÝÐáâãßÝi ÒØáÝÞÒÚØ:
1. ²ØàièÐÛìÝØÜØ äÐÚâÞàÐÜØ ßàØ ãàÐÖÕÝÝi áÐÑÐâà ßàÞâØÒÝØÚÐ ô ÙÜÞ-
ÒiàÝiáâì ÷÷ áÒÞôçÐáÝÞÓÞ ÒØïÒÛÕÝÝï i çÐá ÝÐ ßiÔÓÞâÞÒÚã ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã. ½ÐÙ-
ÑiÛìèØÙáâãßiÝìãàÐÖÕÝïáÐÑÐâàáßÞáâÕàiÓÐôâìáï×ÐãÜÞÒØ÷÷ÒØïÒÛÕÝÝïÒáâÐ-
ÝÐå S1 ÐÑÞ S2.
2. ½ÕÞÑåiÔÝÞ ×àÞÑØâØ ÑiÛìè ÖÞàáâÚØÜØ ÒØÜÞÓØ ÔÞ áØáâÕÜØ ãßàÐÒÛiÝÝï
ßiÔàÞ×ÔiÛÐÜØ, âÞÑâÞ: × ÜÕâÞî ×ÜÕÝèÕÝÝï çÐáã ßiÔÓÞâÞÒÚØ ÒÞÓÝÕÒÞÓÞ ÝÐÛìÞâã
ÝÕÞÑåiÔÝÞ×ÜÕÝèØâØçÐáÝÐàÞ×ÒiÔÚã,ßàØÙÝïââïàièÕÝìißÕàÕÔÐçãÔÐÝØåÝÐ²¿.
²ØÝØÚÐô ÝÕÞÑåiÔÝiáâì ÚÞÜßÛÕÚáãÒÐÝÝï ×ÐáÞÑiÒ àÞ×ÒiÔÚØ i ãßàÐÒÛiÝÝï.
3.½ÐÒÕÔÕÝÐ ÜÐâÕÜÐâØçÝÐ ÜÞÔÕÛì ÜÞÖÕ ÑãâØ ã×ÐÓÐÛìÝÕÝÐ ÝÐ æiÛØÙ àïÔ
ÐÝÐÛÞÓiçÝØå ×ÐÔÐç, ÝÐßàØÚÛÐÔ, ÔÛï ÔÞáÛiÔÖÕÝÝï ÕäÕÚâØÒÝÞáâi ãàÐÖÕÝÝï ×Ð-
áÞÑiÒ àÞ×ÒiÔÚØ, ºÁ¿, ¿ÂÀº, ÑÐâÐàÕÙ ßàØçißÝØå ÓÐàÜÐâ i â. Ô.
ÂÐÚØÜ çØÝÞÜ, àÞ×ÓÛïÝãâÐ ×ÐÔÐçÐ i ÷÷ àÞ×Ò'ï×ÞÚ ÒÚÐ×ãîâì ÝÐ èØàÞÚi ÜÞÖ-
ÛØÒÞáâi ×ÐáâÞáãÒÐÝÝï ÜÐâÕÜÐâØçÝÞÓÞ ÜÞÔÕÛîÒÐÝÝï ã ÔÞáÛiÔÖÕÝÝi ài×ÝÞÜÐÝiâ-
ÝØå ßàÞÑÛÕÜ ÒiÙáìÚÞÒÞ÷ áßàÐÒØ. ºiÛìÚiáÝi ÞæiÝÚØ, ÞâàØÜÐÝi Ò àÕ×ãÛìâÐâi ÜÞ-
ÔÕÛîÒÐÝÝï, ÔÞ×ÒÞÛïîâì ÚÞÜÐÝÔØàÐÜ i èâÐÑÐÜ àÐæiÞÝÐÛìÝÞ ÒØÚÞàØáâÞÒãÒÐâØ
ÑÞÙÞÒi ãÓàãßãÒÐÝÝï Ò ÞßÕàÐæiïå i ÑÞÙÞÒØå Ôiïå, ×ÝÐåÞÔØâØ ÞßâØÜÐÛìÝi ÒÐàiÐÝ-
âØ ÷å ÒØÚÞàØáâÐÝÝï, ÚàÐéÕ ßàÞÓÝÞ×ãÒÐâØ âÐÚâØçÝã ÞÑáâÐÝÞÒÚã i ßàØÙÜÐâØ ÝÐÙ-
ÑiÛìè ÒiàÝi àièÕÝÝï.23
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